Individuals carrying deleterious germline mutations placing them at increased risk for hereditary cancer syndromes (high-risk consumers) often have a great deal of fear and concern over transmitting mutations to their offspring, particularly conditions which are autosomal dominant. Preimplantation genetic diagnosis (PGD) is a procedure that can detect certain germline cancer predisposing mutations present in embryos. The objective of this review was to assess high-risk consumers' knowledge and perceptions of PGD for hereditary cancers. A systematic literature review was conducted through PubMed, Wiley Interscience, PsychInfo, and Cochrane Library databases to identify all articles assessing consumer knowledge and attitudes of PGD for hereditary cancer syndromes. We assessed heterogeneity and the robustness of findings through additional analyses according to study location, hereditary cancer type, and sample size. Thirteen articles remained eligible after the application of specific criteria. Results show a general low level of knowledge about PGD for hereditary cancers, moderate rates of acceptability among high-risk groups, and high levels of need for information about PGD. Individuals in specific risk groups such as those with a personal or family history of hereditary breast and ovarian cancer (HBOC) syndrome or familial adenomatous polyposis (FAP) may benefit from educational information from healthcare professionals about the use of PGD.
introduction
Emerging technology has enhanced the practice of risk management of hereditary cancer syndromes. Approximately 5-10% of all cancers are caused by inherited mutations in cancer predisposing genes. [1] [2] [3] Preimplantation genetic diagnosis (PGD) is a procedure used to test embryos for genetic disorders before uterine implantation. [4] [5] [6] [7] PGD has been used to avoid both the potential risks of miscarriage associated with amniocentesis and chorionic villus sampling and decisions about pregnancy termination if the fetus is found to be affected following prenatal diagnosis. PGD may be performed by a variety of methods including biopsy on embryos at the eight-cell stage after a 3-day culture or blastocyst stage after 5-to 6-day culture, with a small sample removed for DNA testing for a specific gene mutation. 8 Using the information obtained from DNA testing for germline mutations in the parents, couples may consent to implanting embryos in accordance with physician recommendations or national policies.
Individuals who carry mutations in hereditary cancer predisposition genes can have psychological concerns and stress regarding the implications of their genetic status. The possibility of transmitting a mutation to a child may pose a concern to families to the extent that some carriers may avoid childbearing. [9] [10] [11] For the purposes of this review, we refer to individuals at risk for hereditary cancers as high-risk consumers.
There are medical and ethical concerns related to PGD. PGD requires the in vitro fertilization (IVF) process, which puts children at a higher risk for the genomic imprinting disorders Beckwith-Wiedemann syndrome, 12 Angelman syndrome, and Prader-Willi syndrome. 13 Because PGD is procedurally performed in conjunction with standard IVF procedures, it is difficult to know whether these adverse outcomes are the result of PGD or the IVF process, although recent research suggests that there are no significant differences found between the outcomes of PGD born children and IVF born children.
systematic review for hereditary cancer show high variability across results. For example, Vadaparampil et al. 20 found that 33% of those at risk for transmitting hereditary breast and ovarian cancer (HBOC) would consider PGD, whereas Staton et al. 21 found that only 13% of HBOC carriers would consider PGD. As genetic testing for hereditary cancer susceptibility continues to become integrated into clinical practice, there will likely be more individuals seeking information about PGD as part of their reproductive decision-making. 22, 23 Although PGD has not been legalized in all countries, informed decision-making about PGD and other health-and ethics-related concepts should be based on totality of the existing evidence and baseline levels of perceptions toward PGD. Accordingly, we have performed a systematic review and meta-analysis on PGD and high-risk consumers specifically for cancer. The objective was to perform a synthesis of all relevant studies on the subject to provide an accurate assessment on what is currently known about high-risk consumers' perceptions of PGD.
metHods

Literature search
An electronic search was performed in the databases of PubMed, Cochrane Library, Wiley Interscience, and PsychInfo. The search was limited to prospective studies including cross-sectional, cohort, and case-control from January 1992 to December 2009. Because PGD was not available for the diagnosis of hereditary cancers until 1992, the search included articles published after this year. The search was limited to English language publications because primary use of PGD is in high resource countries. Moreover, PGD has been used in some animal studies, therefore using this limitation assured we only retrieved studies on humans.
Search terms included the following: "patient education" and "preimplantation genetic diagnosis" or "preimplantation genetic diagnosis" and "health literacy" and "knowledge" and "cancer" or "neoplasms [Mesh]" or "opinion" and "choice" and "attitudes" and "PGD" and "decision-making" or "demand" and "consumers" and "hereditary cancer" and "reproduction" or "managing cancer" and "BRCA" or "BRCA1" and "ovarian cancer" and "attitudes of high-risk" or "inherited cancer predisposition. "
inclusion and exclusion criteria
Any prospective study that assessed perspectives of PGD in individuals at high-risk for hereditary cancer and enrolled a minimum of 10 subjects was eligible for inclusion in this systematic review. Qualitative and quantitative studies were eligible for inclusion. Studies were excluded if they (1) addressed PGD for noncancer-related genetic conditions; (2) focused only on procedures within assisted reproductive technology in general without use of PGD; (3) focused on the healthcare provider perspective; and (4) assessed perspectives of PGD retrospectively.
study selection and data extraction
Two reviewers (D.M. and A.K.) independently appraised the list of references and assessed the studies for eligibility. Any disagreements were resolved by discussion until consensus was reached. Data were extracted on the study design; study population characteristics such as cancer type, sex, age, and religion; study time frame, assessment method, and knowledge; personal acceptability; social acceptability; and perceived advantages and disadvantages of using PGD for hereditary cancer. We also extracted data on the methodological quality of the included studies.
statistical analysis
Descriptive methods were used in the case of qualitative studies and not included in the subsequent analyses. In the case of quantitative studies, for the purpose of meta-analysis, we first transformed the proportions of extracted data into a quantity according to the Freeman-Turkey variant of the arcsine square root transformed proportion. 24 The pooled proportion was calculated as a back-transformation of the weighted mean of the transformed proportions, using the random effects model. A formal statistical test for heterogeneity using the I 2 test 25 was performed. We also explored heterogeneity and the robustness of the findings by conducting sensitivity analyses for the outcomes of personal acceptability of PGD among high-risk consumers, in addition to acceptability of PGD for others at high risk for hereditary cancer, assessed in relation to study characteristics of location, sample size, and type of hereditary cancer. The possibility of publication bias was also assessed using the Begg and Egger funnel plot method. 26, 27 Despite its limitations, this method is widely used to assess publication bias. 28 We evaluated the methodological quality of individual studies using the Strengthening the Reporting of Observational studies in Epidemiology (STROBE) checklist. 29 Individual studies were evaluated to assess whether each item on the STROBE checklist was met or not met. The meta-analysis was performed using Stats Direct software. The work was performed and reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, which is an evidence-based minimum set of items for reporting in systematic reviews and meta-analyses. 30 
resuLts identification of studies
The Appendix (Supplementary Data online) , outlines the process of identification and selection of studies. The initial search yielded 195 studies at the outset; 41 were excluded once identified as duplicates. Of the remaining 154 studies, 34 additional articles were excluded for reasons shown in the Appendix (Supplementary Data online). Abstracts of the remaining 120 were reviewed removing an additional 107 articles largely due to the lack of focus on PGD use for hereditary cancer. The final review extracted data on 13 studies that met the inclusion criteria.
characteristics of studies
Characteristics of the included studies are summarized in 37 and 23% (3/13) attitudes of PGD for hereditary cancers in general. [38] [39] [40] Total enrollment from all 13 studies was 5,294 participants, with a pooled average response rate of 75%. Twenty-three percent (3/13) of studies 20, 39, 40 did not report the response rate of high-risk consumers, while the response rate in the qualitative study by Quinn et al. 32 was not counted because this study used a subset of participants from the study by Vadaparampil et al. 20 All studies were prospective, cross-sectional with 10 using strictly quantitative methods, 11, 21, 31, [34] [35] [36] [37] [38] [39] [40] 1 qualitative methods, 32 and 2 mixed methods. 20, 33 The median sample size was approximately 213 participants (range, 10-2,110). Thirty-one percent (4/13) of studies 20, 31, 33, 34 only recruited female participants, while the remaining studies recruited male and female participants. Twenty-three percent (3/13) of studies 35, 37, 38 included partners or family members. The age of the participants ranged from 16 to 75 years in all included studies. Only one study reported the median age of participants, 43, 31 while 69% (9/13) 11, 21, 33, 34, [36] [37] [38] [39] [40] reported average age, making the overall average age of high-risk participants 37.8. Three studies did not indicate either median or average age of participants. 20, 32, 39 Krones et al. 39 only reported age of female participants as <40 years and male participants as <50 years. Fifty-four percent (7/13) of studies 11, 31, 32, [36] [37] [38] 40 assessed religion among the participants. Only 23% (3/13) of studies 32, 36, 38 reported race/ethnicity of participants. All studies reported that at least 50% of the participants already had children. All studies recruited participants from existing clinic and hospital databases. Eighty-five percent (11/13) , and x 2 tests. Staton et al. 21 used participant scores from the State-Trait Anxiety Inventory for Adults and the Impact of Event Scale Scores for the calculation of counts, proportions, and means through descriptive analyses. The study by Quinn et al. 32 is a qualitative study that used hand-coding and constant comparative method of themes presented. Sagi et al. 33 did not discuss any data analysis methods in their mixed-methods study.
methodological quality
The methodological quality as assessed by the STROBE guidelines varied across studies. Only 39% (5/13) of studies 11, 31, 34, 35, 37 indicated the number of participants with missing data for each variable tested.
Regarding outcomes, 100% of studies indicated unadjusted estimates of results for each variable of interest; however, only 23% (3/10) of studies 21, 35, 37 reported category boundaries when continuous variables were categorized. Twenty-three percent (3/10) of studies [37] [38] [39] did not report limitations or bias of each study. Moreover, 54% (7/13) of studies 20, 21, 31, 32, [34] [35] [36] discussed the external validity specifically in that results may be limited to heterogeneous populations. Sixty-two percent (8/13) of studies 11, 20, 32, 35, [37] [38] [39] 40 reported their source of funding.
Publication bias
Publication bias in the included studies was evaluated using the Begg and Egger funnel plot for the following outcomes: knowledge, personal use, offered to others, avoiding termination of pregnancy, ethical implications, and cost. 26, 27 This showed no asymmetry indicating the absence of publication bias. However, for the outcome concern for future offspring, there was an asymmetrical distribution indicating the possibility of a publication bias (P value = 0.0101).
outcomes
Results including knowledge, attitudes, and acceptability are summarized in Figures 1-3 . Only data from quantitative studies were used for the purpose of synthesis.
Knowledge of and attitudes toward PGd for hereditary cancer
Data on overall knowledge of PGD for the use of hereditary cancer were extractable in 54% (7/13) of studies. 20, [33] [34] [35] [38] [39] [40] Altogether, these seven studies enrolled a total of 4,642 subjects. The pooled response rate was 35% (95% CI [confidence interval], 30-50%) indicating that a majority of respondents, on average, had no knowledge of PGD. However, there was a Figure 1 Overall outcomes of high-risk consumers' concerns and perceptions of preimplantation genetic diagnosis. Use of PGD to avoid a pregnancy termination. Data on respondents indicating that PGD is an acceptable option in order to avoid a pregnancy termination were extractable in 23% (3/13) of studies. 33, 36, 37 The pooled response was 30% (95% CI, 10-56%) indicating that the majority of respondents, on systematic review average, do not believe that a benefit of PGD is avoiding pregnancy termination if it was found that gene mutations had been passed on. There was a statistically significant heterogeneity in the included studies for the outcome of knowledge of PGD (I 2 = 81.8%; P < 0.0041).
Use of PGD due to a concern for future offspring. Data on respondents who indicated they would use PGD themselves specifically due to a concern for future offspring were extractable in 69% (9/13) of studies. 11, 20, 21, 31, [34] [35] [36] [37] 40 The pooled response was 50% (95% CI, 0.54-0.85) indicating that half the participants who would personally use PGD would do so because of a concern for passing on the risk of hereditary cancer to their offspring. There was statistically significant heterogeneity in the included studies for the outcome of knowledge of PGD (I 2 = 99.5%; P < 0.0001).
Ethical implications. Data on respondents indicating that there are ethical concerns to be considered regarding PGD were extractable in 62% (8/13) of studies. 11, 20, 31, 33, 34, 36, 39, 40 The pooled response was 33% (95% CI, 20-46%) indicating that a majority of respondents, on average, do not believe there are ethical concerns regarding testing embryos via PGD. There was a statistically significant heterogeneity in the included studies for the outcome of knowledge of PGD (I 2 = 97.7%; P < 0.0001).
Cost. Data on respondents indicating that the cost of PGD is a barrier to the acceptability of the procedure were extractable in 39% (5/13) of studies. 20, 31, 34, 36, 37 The pooled response was 29% (95% CI, 16-44%) indicating that a majority of respondents, on average, do not believe that the costs associated with PGD prohibit finding PGD acceptable for the use of hereditary cancers. There was a statistically significant heterogeneity in the included studies for the outcome of knowledge of PGD (I 2 = 93.5%; P < 0.0001).
Additional analyses. To assess the robustness of our findings and explore the reasons behind heterogeneity, we performed additional sensitivity analyses for the outcomes "personal acceptability of PGD" and the "acceptability of PGD to be used by other high-risk consumers, " in relation to study location, sample size, and cancer type.
There was no difference in study location and personal acceptability of PGD distinguished between US and non-USbased studies (39% and 36%, respectively). Forty-six percent (6/13) of studies 11, 20, 21, [31] [32] [33] recruited participants with a high risk of HBOC only. These studies showed an overall 33% personal acceptability of PGD similar to 30% of participants at high-risk for cancer other than HBOC. Sample size seemed to impact personal acceptability, as trials completed with a sample size of <200 participants 11, 33, 34, 36, 37 showed 47% acceptability, compared with studies with sample sizes of more than 200 participants at 29%. 20, 21, 32, 35, [38] [39] [40] For the outcome of the acceptability of PGD to be used by other high-risk consumers, studies performed in the United States 20,21,34 did not show a large difference from non-USbased studies 11, 31, 33, [38] [39] [40] (68% acceptability vs. 77%). Studies that recruited only those at risk for HBOC 11, 20, 31, 33, 34 were found to have an overall 75% acceptability for the use of PGD by other high-risk consumers, which was slightly higher than studies with participants at high-risk for cancer other than HBOC at 58%. [38] [39] [40] Sample size again impacted the acceptability of PGD for use by other high-risk consumers showing that studies with samples sizes <200 11, 31, 33, 34 reported 75% acceptability compared similar to 49% when the sample size was more than 200. 20, 21, [38] [39] [40] 
discussion
To our knowledge, this is the first systematic review and metaanalysis on the views of PGD from the perspectives of individuals at high-risk for hereditary cancer. The results from this meta-analysis show that levels of knowledge of PGD are low among individuals who are at risk for hereditary cancer. On average, only 35% of individuals in the studies reviewed had knowledge of PGD; however, this only shows that such respondents have heard of PGD before and does not assess what they actually know about PGD. Knowledge and acceptability of PGD could not be correlated as only one study 20 evaluated this, and respondents who indicated both a positive acceptability and high knowledge is otherwise unknown throughout the other included studies.
Vadaparampil et al. 20 found that among respondents who would consider PGD (n = 318), about 47% had heard of PGD before the study. Among respondents who would not consider PGD (n = 367), <30% were aware before the study. Both showed a P < 0.005 indicating statistical significance. Meister et al. 40 found that approximately 60% of high-risk respondents were unaware of PGD before the study and 50% had incorrect assumptions about what PGD is capable of diagnosing. Half the respondents overestimated the ability of PGD and assumed this procedure can detect any and all disease. PGD cannot detect abnormalities in all chromosomes and may also result in false-positive diagnoses. 41 Douma et al. 35 found that 84% of 157 FAP patients of childbearing age (<40) reported PGD was not discussed in any clinical setting. Twenty percent indicated they would like more information on this technology. This lack of awareness is likely due to the fact that PGD was not used in the Netherlands for FAP diagnoses during the time of the study; however, one respondent had used PGD in another country.
Personal acceptability of PGD for those at high-risk for cancer was found to be most impacted by sample size. Overall, studies with sample sizes <200 showed a 38% higher personal acceptability than studies with larger sample sizes. Similarly, smaller sample sizes showed higher acceptability for PGD use by other high-risk consumers. This may be due to the gender of participants as 75% (3/4) of studies 31, 33, 34 with <200 participants recruited females only. 20 Only 20% (1/5) of studies with more than 200 participants recruited females only. This gender difference in larger studies may account for higher acceptability of PGD for others as opposed to smaller studies with male and female perspectives. Some studies assessed the association between personal acceptability of PGD and demographic characteristics of religion, education, and personal history of cancer; however, we did not have independent patient data to run subgroup analyses.
Although studies investigating the perceptions of populations at high-risk for cancer are limited, other studies have assessed the general public's view of using PGD for hereditary cancer. Public attitudes in Britain showed a higher approval of PGD for hereditary cancer versus sex selection (34% vs. 9%). 42 In 2004, the Hopkins Genetics and Public Policy Center surveyed more than 4,000 Americans regarding PGD for medical and nonmedical reasons. Although <30% had prior knowledge of PGD, >60% of men and women approved of PGD for identification of an early onset and fatal disease. 43 Similar issues between consumers at high-risk for cancer and the general public have been cited as a fear of the unknown, ethical slippery slopes, and regulation of medical histories.
11
Acceptability of PGd among high-risk consumers
Individuals who show a positive attitude toward the availability of PGD for others are more likely to consider using PGD for themselves. 20 From the available literature, BRCA1/2 carriers comprise the largest group for PGD consumer-focused research. Among these, acceptance of PGD for BRCA1/2 carriers was inconsistent. Three studies indicated a majority in favor of PGD at 88%, 75%, and 90%, 20, 31, 36 one indicated a minority in favor of PGD at 33%, 32 while the remaining two had approximately a 50% acceptability of PGD. 11, 33 Concern for future offspring seems to be the most cited factor influencing the acceptability of PGD for hereditary cancers.
11, 20 Staton et al. 21 found that approximately 88% of systematic review respondents reported frequently worrying about transmitting the mutation to their children, and 75% felt that PGD should be an option offered to other BRCA1/2 carriers. Fortuny et al. 11 found that 36% of participants indicated they would have children regardless of a positive or negative result, while 12% would not have children if they received positive results, and 30% preferred adoption if they received positive results. Of those who planned to have children, 48% indicated they would consider PGD in the event of a positive result. In the study of BRCA1/2 carriers by Menon et al., 31 38% of women who had completed their families indicated they would have used PGD if it had been available during the period of their childbearing years. Similarly, of 132 BRCA1/2 carriers who indicated they desired to have more children, 40% viewed PGD as an acceptable option. 20 Women who have a highly positive attitude toward PGD have been found more likely to report greater feelings of guilt toward their future children. 20, 35, 37 In the qualitative analysis of survey responses from 446 BRCA1/2 carriers by Quinn et al. 32 , 38% of respondents felt that not testing embryos was "irresponsible. " This group of women felt that individuals with a genetic mutation have an obligation to reduce the likelihood that future children would experience negative consequences from this inheritance. Staton et al. 21 report that approximately 88% of respondents reported frequently worrying about transmitting the mutation to their children.
Beyond consumers at risk for HBOC, consumers at risk for developing FAP have reported similar concerns regarding childbearing. FAP has been reported to severely impact the lives of high-risk populations, and 35% of consumers reported that having a predisposition for FAP impacts their decisions on childbearing. Here, 90% of respondents said they would consider using PGD for FAP, even though only 25% indicated having a prior knowledge of PGD. 36 Despite the technology available that can determine an embryo's risk of developing a hereditary cancer, some consumers have cited ethical implications as a barrier to using this procedure. Sagi et al. 33 reported that some carriers who oppose PGD citied the specific concern about PGD interfering with the IVF process. The majority of studies showed that 33% of respondents cited ethical concerns over the use of PGD, even among respondents who were in favor of the procedure. Despite this, families with children born from PGD were found to have a higher affection toward each other than families with natural born babies. 44 This is an important facet for high-risk consumers to consider as some may be reluctant to use PGD due to the clinical nature of conception.
The results from this systematic review show that study characteristics are not consistent and that aspects of quality reporting are low. Twenty-three percent (3/13) of studies 20, 39, 40 did not report the response rate of participants, only the final number. In addition, ascertaining mean ages for all 13 studies was not possible, as 23% (3/13) of studies 20, 34, 39 did not indicate specific averages or age range. Furthermore, the sample sizes greatly varied, the smallest study enrolling 10 participants, 33 while the largest study enrolling 2,110 participants. 38 In general, it is difficult to ascertain comprehensive results due to the variability between each study that assessed similar outcomes.
Similar studies assessing acceptability of PGD from the consumer perspective have shown a majority approval of PGD for genetic disease in general. [45] [46] [47] [48] Roberts and Franklin 49 offer one of the few reports investigating factors in decision-making when using PGD and patients' choices made after genetic diagnoses are made. They found that patients make assessments before and throughout the entire PGD process including assessments of the costs of procedure and how their decisions are negotiated within familial and societal contexts, which parallels the outcomes of the meta-analysis. An additional source of discrepancy about PGD for hereditary cancers versus other genetic disease is the concept of increased susceptibility versus inevitability. 20, 50 FAP is an early-onset disease which may influence testing at a young age, 51 compared with BRCA testing which is typically not recommended before the age of 25 years. 52 A 2009 study showed that less than half of clinics surveyed that perform PGD and require genetic counseling assessed how well patients understood the information disclosed during a counseling session. 53 Thus, one approach to informing highrisk consumers about PGD and the associated risks and benefits may be through the development of standardized protocols to disseminate consistent, accurate information and support patients' psychological concerns. 54 Currently, the United States has no guidelines or consumer education standards on PGD for hereditary cancer. 55 This systematic review has limitations. We performed searches of only standardized databases (PubMed, Cochrane, and PsychInfo); therefore, the 13 included studies may not be absolute. Some studies were not clear when defining someone at "high-risk" and the research team had to determine if this included those at high-risk for hereditary cancer only. It is possible that some study samples were mixed with those at high-risk for hereditary cancer and those at high-risk for passing on other genetic disorders. The study by Quinn et al. 32 is a qualitative analysis of free text comments from participants in web-based survey by Vadaparampil et al. 20 ; therefore, these numbers were not included in the meta-analyses to prevent duplication of study subjects. However, it is unknown if respondents leaving free text comments also completed each question of the quantitative survey; therefore, some data may have been missed in the meta-analyses. In addition, although the date range included all articles between 1992 and 2009, the included trials were conducted between 2005 and 2009. Because of this narrow time frame, studies could not be divided into intervals and therefore a meta-analysis according to time periods was not performed.
Correlations between outcomes such as knowledge and personal acceptability, knowledge and generalized acceptability, and acceptability and concern for future offspring could not be assessed as these data were not accounted for by at least three studies.
concLusion
The current body of literature that focuses on high-risk consumers' perceptions of PGD for hereditary cancer is limited, which is evidenced by the quantity of eligible articles for this systematic review (N = 13). Although the availability of PGD for certain cancer predisposing conditions varies by country and facility, the psychosocial issues that high-risk consumers face over certain issues such as embryo selection are similar.
The findings from our review suggest overall low levels of awareness but moderate to high levels of acceptability among individuals concerned about hereditary cancer risk. All included studies were conducted between 2005 and 2009 (although the search was done for years 1992 to 2009). For this reason, we were unable to perform a sensitivity analysis according to year; however, the wide variation in consumers' perceptions of PGD presented during this narrow time frame reinforces the need to educate high-risk consumers about PGD to facilitate informed decision-making. Couples and individuals may have different experiences undergoing PGD depending on the clinic they use, as many do not have a standardized set of procedures for referral, counseling, and informed consent for patients who may seek PGD. Health professionals are an important component of increasing knowledge about PGD, and high-risk consumers should have the option of making informed decisions. This can only be accomplished when awareness is present.
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